159 Evaluation of freezing tolerance 228 obtain the most likely protein match based on a peptide mass fingerprinting, and only the top hits 229 were used and a score threshold of 40 was used as a cut off. The search parameters were as follows:
230 trypsin enzyme, fixed modification of cysteine as carbamidomethylated, peptide charge state of 231 +1, peptide tolerance of 0.5 daltons, and up to 1 missed cleavage. For automatic, high throughput 232 functional annotation, the closest Arabidopsis thaliana (AT) match was run through Blast 2 Go.
233 For functional characterization, protein homologues were identified against the NCBI Arabidopsis 234 database. Further functional information was gathered from the Arabidopsis Information Resource 235 database (TAIR). Proteins were classified into categories based on their function [30] .
236 237
RESULTS AND DISCUSSION
238 239 Freezing tests. Treatment, temperature and the interaction between them had significant type III 240 effects based on the Wald x 2 in the logistic regression model (Table 1 ). In the model that evaluated 241 each cultivar by treatment combination, cultivar was not a significant effect (p = 0.6486) ( Table   242 1a ). However, when cultivar was excluded from the modes (Table 1b) , acclimation treatment and 243 temperature were both significant (p<0.0001). Figure 1 ). Fitness of both these models showed high concordance and
259 predictability with the data collected (Tables 1 and 2) . Through modeling of acclimation 260 treatments alone, CA plants were determined to be approximately 1.9-fold more likely to survive 261 than NA plants ( 
282
Patton et al., [5] observed that specific carbohydrates, proline, and certain proteins in CA 283 zoysiagrass were correlated with freeze tolerance in thirteen genotypes. A proteomic response to 284 cold acclimation was also observed in velvet bentgrass (Agrotosis canina) [31] where CA plants 285 were not only more freeze tolerant but showed thirteen different protein spots that were 286 differentially expressed in CA versus NA plants. Further analysis of metabolic processes that occur 287 during cold acclimation and how they differ between these cultivars, may explain differences in 288 freeze tolerance between Z. japonica genotypes.
289 Protein abundance: Variation in the abundance of specific proteins was assessed in response to 290 acclimation treatment by way of 2-DE SDS-PAGE. The non-acclimated meristematic tissue 291 samples of each cultivar were used as the baseline to control for variation between the treatments.
292 A total of 471 protein spots were detected on the 2-DE gels. From those, 62 spots were statistically 293 significant (p≤0.05) and exhibited a minimum of a two-fold change in response to cold acclimation 294 for at least one cultivar (Table 3 ). There were significant differences in expression of these 62 
339
In Victoria, there were 20 identifiable, unique spots with at least a two-fold change, two of 340 which were upregulated in response to CA, and 18 of which were downregulated (Table 3) . Of 341 these 20 spots, the seven proteins with the largest change in abundance were identified to be 342 homologous with known proteins in online databases (Table 3) 
487
Disease and defense. While a small percentage of proteins related to disease and defense 488 showed a significant fold change, all identifiable proteins showed two-fold or greater upregulation.
489 The two proteins of particular interest in Meyer were LEA3 and SOD. Kobayashi et al., 2004 490 observed that LEA proteins are a major downstream group involved in the ABA-dependent and 491 independent signaling pathways for freezing tolerance in wheat and may be able to be further 492 enhanced for increased response. Genes in the LEA family commonly encode highly hydrophilic 493 proteins, which positively correlate with greater freezing tolerance when overexpressed.
494 Additionally, in a similar manner to cold acclimation, light conditions influenced the accumulation 495 of cold responsive LEA proteins. Transcriptional processes were enhanced by light and suppressed 519 differences between the species rather than actual differences in freeze response. They found that 520 energy and metabolism were the largest functional categories at 23% and 21% respectively, as 521 well as photosynthesis (13%), signal transduction (13%), and redox homeostasis and defense 522 response (14%). While we also found these categories to be important, we had 31% of identified 
535
The study by Holloway et al. [24] identified 146 proteins that were potentially associated 536 with abiotic stress response related pathways, a number which corresponded to the putative winter 537 hardiness QTL that had been identified through SNP-based linkage mapping. Some overlap 538 between those previously identified winter injury stress associated proteins and the cold 539 acclimation associated proteins in this study were found. Leucine-rich repeat receptor-like protein 540 kinase and pentatricopeptide repeat family protein are among the most notable corresponding 541 proteins, as well as several related kinases and auxin related proteins. The presence of these 542 proteins in both studies strengthens their association with cold stress response. Further analysis 543 will be of great importance to confirming the findings of relevant cold acclimation associated 544 proteins in different tissues of Zoysia spp.
545 Overall cultivar differences. The uniformity in freeze tolerance of NA cultivars suggests that the 546 physiological changes that occur during cold acclimation may be the separating factor between 547 freeze tolerances of zoysiagrass cultivars. The large disparity in response to cold acclimation in 
